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basic system. One example of such a technique was to 
coat the outer surface of the propellant grain with a 
surface preparation material which would serve as a 
chemical between the liner and the propellant. However, 
this introduced a further step in the processilly of the 
grains and was thus time consuming and costly. 
SUMMARY O F  THE INVENTION 
,,, This invention relates to a novel liner composition 
1 V 
which is particularly useful with hybrid solid propellants 
ABSTRACT OF THE DISCLOSURE containins! lithium. As will be explained, the novel liner, 
A liner for use with solid propellant formulations hav- unlike th&e of the prior art, forms a'  chemical cross- 
ing hydroxy-terminated polybutadiene containing lithium linking with the fuel. This results in exceptional bonding 
particles, which liner will bind the material to 15 strength as well as compatibility with the propellant. The 
an outer nlotor casing. The liner is complised of hydroxy- liner is comprised of a matrix of hydroxy-terminated 
terminated polybutadiene and toluene diisocyanate. The polybutadiene with a suitable amount of toluene diiso- 
liner composition can additionally contain a suitable cata- cyanate as a cross-linking agent. The amount of toluene 
lyst and a stlengthening agent such as carbon black, if diisocyanate, TDI, utilized is determined by the hydroxy 
needed. 20 equivalent of the polybutadiene, that is, enough toluene 
diisocyanate is required to react with the hydroxyl groups 
ORIGIN O F  THE INVENTION present in the polybutadiene for a cross-linking effect on 
about a 1:l ratio of the amount of TDI per hydroxyl 
The invention described herein was made in the Per- group. Additionally, if a faster cure is desired, a catalyst 
formance of work under a NASA contract and is subject 25 can be added in a suitable amount. An example of such 
to the provisions of Section 305 of the National Aero- a catalyst is dibutyltin dilaurate. Further, a conventional 
nautics and Space Act of 1958, Public Law 85-568 (72 hardening or stlengthening agent such as carbon black 
Stat. 435.42 U.S.C. 2457). can be present if desired. The liner is utilized with, as 
BACKGROUND OF THE INVENTION indicated, solid propellant compositions containing lithi- 
30 um and/or lithium hydride such as disclosed in the afore- 
Field of the invention mentioned patent. The matrix for the hybrid fuel is the 
This invention relates to solid propellant technology, same matrix used for the liner, namely, hydroxy-termi- 
and more particulally to a new liner for use with a class nated polybutadiene. As will be shown and explained, it 
of hybrid solid propellants to suitably bind the propel- is believed that the exceptional bonding Occurs because 
lants to rocket motor cases. 35 of migration of the lithium in the propellant into the 
liner so as to aid in the cross-linking thereof, while 
Description of the prior art some of the TDI in the liner migrates to cross-link with 
This invention is particularly useful for hybrid solid the polybutadiene mat~ ix  of the propellant. It  is pointed 
plopellant formulations containing lithium. An example out that the liner composition, per se, is well known 
of the type of hyblid propellants to which this invention 40 since TDI is a known cross-linking agent for hydroxy- 
is particularly di~ected as described in U.S. Patents terminated polybutadiene. The particular novelty of this 
3,304,213 of Feb. 14, 1967, and 3,341,509 of Sept. 12, invention is directed to the new and unobvious use of the 
1967. In those patents there is described a high regres- composition in combination with the lithium containing 
sion energetic hybrid solid propellant comprised of lith- fuels to achieve results heretofore unobtainable. 
ium and polybutadiene, additionally containing, if de- 45 Thus, it is an object of this invention to provide a 
sired, lithium hydlide. It is well known in solid plopellant new liner suitable for bonding lithium containing hybrid 
technology that it is necessaiy to generally provide an propellants. 
adhesive su~face between the solid propellant grain and Another object of the invention is to provide a new 
the outer case which contains it. This layer of material liner for lithium containing hybrid propellants which 
is normally referred to as a liner since it often insulates 50 form a strong chemical bond therewith. 
as well as bonds. The ovelall perfo~mance and repro- A further object of this invention is to provide a new 
ductibility of the desire3 cba~acteristics of a solid propel- use for a polybutadiene polymer system. 
lant grain are highly dependent upon the adequacy of Other objects will beco~ne apparent from the follow- 
the liner in achieving a bonding of the grain to the case. ing detailed description and drawing in which: 
Hybrid solid propellant formulations provide particu- 55 The figure represents a schematic representation of the 
latly difficult problems with regard to bonding them to cross-linking between the liner material and the solid 
the motor case. The leactive components, such as lithium, propellant of this invention. 
often reacted with conveniional liners heretofore used The hybrid fuel for which the liner is particularly 
in the art, g i~ ing  off gases whicb served to deleteriously adapted is described in detail in the aforementioned pat- 
affect the propellant. Liners that have been attempted to 60 ents NO. 3,304,213 arrd No. 3,341,509. Though the 
be utilized vili'n hybizd fuel grazns geneialiy displayed pa?ents referred basically to the use of polybutadiene, 
pool adhe< roc i e G r l l ~ r n i  ir debonrl~ny or .;er?ia:ing of ;he mention was spec~fic~lly made of a hjrdloxy-terminated 
propellant from the case d u i n g  combnsiion. Tbrs nor- vetsion which was partici~larly suitable as a binder mate- 
nialiy lead? to an abolted firing AIco, previous Itne~s, ~ i a l  It is this type of polybutadiene with which the herein 
whether used for hyb~id gains or othenwise, wele de- 65 liner is suitably adapted. The polybutadiene has a mo- 
pendent upon physical adhesion in order to achieve a lecular weight of up to 3000 and a room temperature vis- 
bond between the fuel grain and the motor case. In other cosity of about 300 poises. The broad ranse of propellant 
words, the p~opellant waq physically bonded to the liner composition set forth in Patent No. 3,304,213 is from a 
which in tuin was bonded to the case. The liner was ratio of 1 part of lithium to from about .25 to 4 parts 
chosen as a mateiial which, serving in its intermediate 70 polybutadiene, with up to 50 percent lithium hjidride as 
capacity, would bond well both to the case and the pro- a substitute for the lithium and polybutadiene. As indi- 
pellant. Various attempts were made to improve this cated, the lithium hydride acts as a diluent in the system 
and can be added up to a point where the conlposiiion is liner and fael. Foiloaring is a specific esarnpie of a liner 
no longer self-sustaining and is then utilizabb as a restart made in accord with this invention: 
motor. It should be apparent, as indicated in the patents, 
that various other conventional ingredients utilizable in EXAMPLE 
hybrid fuels can be added as long as they do not signifi- 5 
cantly affect the overall performance of the motor. A liner was formed by mixing together a composition 
One outcome of the effort directed to the prior pio- comprised of 90.45 weight percent hydroxy-terminated 
pellant work was the discovery that lithium serves to aid polybutadiene to which was added 2.5 weight percent of 
in the cross-linking of hydroxy-terminated polybutadiene. carbon black powder. The carbon black powder was 
This discovery has an important impact upon the effec- added slowly and mixed under vacuum conditions for 
tiveness of the herein liner composition, as will be fur- 15 minutes. 6.93 weight percent of 2,4-toluene diisocy- 
ther explained. anate was then added to the mixture and the resultant 
As indicated, in a liner composition comprised of composition was vacuum mixed for an additional five 
hydroxy-terminated polybutadiene, toluene diisocyanate minutes. Finally, .09 weight percent of dibutyltin di- 
serves as a cross-linking agent for the polybutadiene and 15 laureate was added, and the composition mixed for three 
should be present in a range of .8 to 1.2 isocyanate groups minutes. The mixture was then coated in about a 0.005 
per -OH groups present in the poybutadiene. The nor- inch thickness into a fiber glass wound motor case having 
mally used hydroxy-terminated polybutadiene has slight- an inside diameter of 18 inches. The liner was then cured 
ly over two -OH groups per molecule of polybutadiene. in the case for two honrs at 150' F. Into the case was 
The functionality, or number of -OH g~oups present, 20 then poured a hybrid propellant composition comprised 
can be controlled in the making of the material and is of 50 weight percent hydroxy-terminated polybutadiene 
well known in the art. Normally the liner incorporates and 50 weight percent lithium in the form of spheres. 
a corbonaceous material, such as lamp black or carbon The resultant motor was then cured for 72 hours at 140" 
black or the like, to give added strength and rigidity to F. The resultant motor was successfully test fired with no 
the liner composition. The carbon black can be present 25 indicated delamination between the liner and the case or 
from 0 to 10 weight percent of the composition, depend- liner and propellant. 
ing upon the physical properties desired. Further, if a When the same example is repeated omitting the utili- 
faster cure is sought, a small amount of a suitable cata- zation of the catalyst, equally successful results are ob- 
lyst, such as dibutyltin dilaureate, can be added in up to tained. As indicated, the curing time is generally in- 
.10 weight percent. However, it should be pointed out 30 creased to two and one-half hours at 150" F. Further, 
that the liner composition will suitably cure without such when the example is lepeated using a propellant in which 
a catalyst. 50 weight percent of the lithium has been replaced by 
The ingredients of the novel liner of this invention are lithium hydride, equally successful results are obtain- 
mixed under vacuum conditions until they are thorough- able. 
ly combined. The liner then can be coated in the desired 35 Additionally, it is pointed out that though the novel 
layer inside the motor case and then cured for at least two composition of this invention is referred to as a liner, it 
hours at 150" F. When no catalyst is used, the cure time should be apparent to those skilled in the art that this 
generally increases slightly to two and one-half hours. material can be used as a potting con~pound or aft grain 
The solid propellant is then cast into the resulting case or forward grain insulation as well as an adhesive in 
and liner and cured therein. Alternatively, the liner of the 40 hybrid solid propellant rocket motors containing lithium 
invention can be coated upon a previously cured propel- as a propellant constituent. 
lant grain, then inserted into a motor case and cured at What is claimed is: 
the foregoing temperature. In hybrid propellants, the 1. A method of bonding hybrid solid propellants con- 
need for insulation is not great, thus the liner is usually taining lithium and hydroxy-terminated polybutadiene 
of very thin coating serving mainly as only an adhesive. 45 comprising: 
A typical thickness of this coating is 0.005 mil. applying between said propellant and an article to 
The reason for the superior strength and compatibility which it is to be bonded a liner comprising hydroxy- 
of the liner of this invention with the hybrid fuel is shown terminated polybntadiene and toluene diisocyanate, 
in the accompanying figure. I t  is believed that the su- and curing said liner. 
perior properties are achieved through an actual chemical 50 2. The method of claim 1 wherein said propellant is 
linking between the propellant system and the liner. As to be bonded to a rocket motor case comprising: 
shown in the figure, the liner 11 is disposed between the coating the inside of said case with said liner prior 
motor casing 13 and the solid propellant grain 15. The to casting said propellant therein. 
R-OH in the liner and the propellant grain represent the 3. The method of c!aim 1 wherein said propellant is 
terminus of the hydroxy-terminated polybutadiene ma- 55 to be bonded to a rocket motor case complising: 
trix material used. As can be seen, in the fuel P5 lithium coating the outer surface of a formed propellant grain 
serves as a cross-linking agent between the polybutadiene with said liner, 
groups to f o ~ m  a cross-linked network. Alternatively, in and inserting said propellant and liner into said motor 
the liner 11, the toluene diisocyanate, TDI, is a cross- case prior to curing said liner. 
linking agent. What is believed to occur, as demonstrated 60 4. The method of claim 1 wherein said liner additional- 
in the figure, is that the TDI in the liner in addition to ly comprises a carbon strengthening compound. 
linking with the hydroxy-terminated polybutadiene there- 5. The method of claim 1 wherein the toluene diiso- 
in, additionally migrates to link with the same material in cyanate is present in an amot~nt sufficient to plovide .8 
the propellant 15. AIternati'~ely, essentially the same ef- to 1.2 isocyanate groups per hyd~oxyl group on said 
fect occurs with the lifhiurn in the propellant 15 which 65 polybuiadiene in said liner. 
migrates to link with the polybutadiene in the liner P I .  6 .  In combination: 
The result is believed to be a netwolk similar to that a rocket motor casing, 
shown in the drawing. a solid propellant disposed in said casing, said pro- 
The liner to fuel bond in test performances exceeds 70 pellant conlprising hydroxyterminated polybutadi- 
the strength of either the liner or the fuel itself. The maxi- ene having lithiurn therein, 
mum tensile stress between the liner and a steel motor a liner disposed between said propellant and said cas- 
case was determined to be 123 p.s.i. As indicated, in all ing, said liner comprising hydroxy-lerminated poly- 
instances, tensile failure of the liner or the fuel iemlted lmtadiene and toluene diisocyanate in an a m o ~ ~ n t  
rather than any bond failule :~t the inlei face between t l ~ c  ;r, fuificient to ctos5-link said polybutntlicne. 
3,507, 
5 
7. The cornbination of clti~rn 6 wherein said liner can 
additionally comprise up to 10 weight percent carbon 
black and up to .10 weight percent catalyst. 
8. The combination of cIaiin 6 wherein said propellant 
comprises lithium and polybutadiene in the ratio by 
weight of one part lithium and from about 0.25 to 4 
parts hydroxyterminated polybutadiene with up  to 50 per- 
cent lithium hydride as a substitute for said lithium and 
polybutadiene. 
9. A liner for bonding solid propellant compositions 10 
comprising : 
90.48 weight percent hydroxy-terminated polybutadi- 
ene, 
2.50 weight percent carbon black, 15 6.93 weight percent 2,4-toluene diisocyanate, 
and 0.09 weight percent dibutyltin dilaurate. 
114 
6 
References Cited 
UNITED STATES PA? ENTS 
3,399,088 %/I968 Christian et al. ------ 149-19 
2,563,265 8/1951 Parsons ---_-------- 102-103 
3,032,970 5/1962 FOX _--------__---- 102-103 
3,055,952 9/1962 Goidberg ---------- 260-77.5 
3,084,141 4/1963 Kraus et  al. ----_-- 260-77.5 
3,084,177 4/1963 Hostettler et  al. ------ 260-2.5 
3,304,213 2/1967 Stang --------------- 149-19 
3,305,523 2/1967 Burnside -_-_-_------ 149-19 
3,341,509 9/1967 Stang ------------- 260-94.7 
ROBERT F. STAHL, Plimary Examiner 
U.S. CI. X.R. 
102-103; 149-19; 26G77.5 ,  2.5; 264-3 
